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(54) Hollow guide wire apparatus for catheters 

(57) A cathetef guide wire inctudes an elongate 
tiibuiar body about whidi a catheter may be threaded 
for guidance to a target iocaiioi-; in a vasculature pas- 
sageway of a body. The elongate body incitdes a prox- 
ima! ertd artd a distai end, with the dtstaf end being 
cuived. Cuts are formed either by saw-cutttng, iaeer cut- 
Mg or etching at spaoed-^rt iocaiions afortg tfte 
iengSj of the body to increase its i^era! flexiblftly, white 



maintaining tfe rotaSonat tofcpjabilit>'. At ieast some of 
the cufe extend through the tubuiat body to the interior 
cavity to aikw the escape of fluids fiowing in the cavity. 
The distaf end of the txibUtm bod^' includes a sufficient 
nuiTfter ot cuts to make it more f iexilMe ttian the remain- 
der of the body. 
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DescripHon 

BACKGROUND OF THE INVEN-nON 

This lasfsntion seiates to caShetei systems and fwse 
i>aft!cuiaity to hollow gotde wire appaiatus with 
imKKOved torque arid ilexute charact&nstfcs 

Cath>stsf gosds w!ies have b&sn ys«j to many 
years to "lead' of "guide" cathetere to destred target 
i'^cations. m ihfc human b^^dys vasculatu'e Ttie typical 
gtJide wife (f. fratn about 135 centimeters to 1S5 cemim- 
etets in length, and is made ftom two primary pieces- a 
stainless stse! soiid care wire, and a platinum ailqy coit 
sprit^. The core wire is t^er^i on ihs di^! end to 
increase its flexSjiiity. The coil spring is t^cafly soi- 
dered to the core wire at its dtstel end and at a point 
where the inside dimeter of the cot! spring matches the 
outside diameter of the core wire. PiaJirsJtn is selected 
for the coii spring because itprovkies radiopac^ty for x- 
ray vtewng during navigatiors of the guide wire ih the 
bodf. and it is btocon^foia. The cc^! ^tng also pro- 
vides solfrjesB fcif the ttp oJ the guide wire to reduce the 
iikeShood of puncture of 8»e artafomy. 

Navigation through the anatomy is achieved by 
viewing the giide wfre In fte body using K-ray (iuoros- 
copy The guide wire is inserted info a caftetar so the 
guide wire protrudes out »ie end, and then the wire artd 
catheter are inserted into a vessel or duct af>d moved 
fherethsaugh unti! Sie guide wire tip reanhes a desired 
vessel or duct branch. The proxitnaf end ol the guide 
wire is then rotated or torqued to point the curved into 
the desired branch and then advanced larger. The 
catheter is advanced over fhe gtsde wire to foilow or 
track the wire to the desired tocatfon, and provide addi- 
tiona! support for ths wire. Ones the catheter is in place, 
the guide wire may be wiifxirawn, depending upon the 
therapy to be performed. Oftentimes, sucti as in the 
case of balioon angop^a^ty, the guide mte is left in 
pSacs during the procedure and wif! be used to 
exchange catheters. 

As the guide wire i« advarK^d ir«o the anattxny, 
interna! resfetance from »te typicaily rjunwrous turns, 
and surface contact, decreases me abifity to aeftmnce 
the guide wire farSier. This, in turn, may iead to a more 
difficult and pioSongad psoceduie, oi, ittore seriousiy, 
failure to access the desired anatorrty and thus a failed 
procedure. A guide wire with both teibiii^ and good 
torque characterlEtics (tasirarat stiffness} wouid, of 
course, hs^ overcome prcArfems created by *)e internai 
resistance. 

aUMKAemETtt&.lNVE.KJJON 

It 'S an object of the inventEcr to p'ov:cie an 
impjoved catheter guide wire apparatus 

If is also an object of the ins/ention to ptovide such 
apparatus which exhibits both torsional stiffness, bend- 
ing fiextbillty^ and iongitudinaf strength. 

litest ftiTther object of invention to provide such 
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aDoarafus which is sin^ie In design and construction, 
aid a! 3-\3 -y sefectively varj^fvg the (sending ffexitBiity 
of xnii af^tatus along Ifie l^fh ttjereof. 

The above and oS^er obiects of Ihs tnvenfton are 

A" realized tn a specific iffusfrative sntiodiment ot a cathe- 
ter guide wire is formed of a thm. elongate hollow tubu- 
lar fsody of materia! tte exienot surface ol Ahich 
mcfudes a piutalrty of cuss ^aceo apa-t aiong at least a 
po<-ttort of the length of the body The cu-s e<tend ttans- 

;r verseiy of the body and are positioned to give tne gufde 
wire flexibility without s jnrficanfly reducing torsional 
stiffness. With Siis embodiment, the guide wire, being 
boiiow, may serve also as a catheter itseif 

The ^ove and other objects, features and advan- 
tages of tfse invention wtB become apparent from a con- 
sideration 0* the Wiowing detailed description 
30 presented in connecfion wfth the accorripanyins draw- 
ings in wNdi: 

FfQ. 1 is a side, ttagmented, partsaiiy cross-sec- 
tional view of a tubular gisde m& toi med with cuts, 

25 in accordance with the prese nt tnventio n , 

FtGS. 2A. 28 and 3 show side, fragmented views of 
three embodiments of a tubular guide v^ire formed 
with cuts, in accordance with fte present invention; 
FSGS. 4A and 4B are side, fragmented views of 

30 other embodiments ol a tubular guide wire formed 
with cuts, in accordance wilti fhe preseni invention: 
FIG. 5 is a side, fragmented view ^xjwing two de- 
ferent types of cuts or etchings which may be uti- 
lized in a ht^iow gt«de wire in accordance with the 

js preset invention: 

FiG. s IS a side, fragmerited view ot sfii! ariother 
embodiment of a tubular guide wire etched oi' cut to 
form interlocking teeth, in accordance «ftth the 
present invention; and 

4S FfG, 7 Is a side, fragmented view ot a meta) tubular 
guide wire or caSreier, with centraJ metal conductor, 
suttaWe for use in maidng electricaJ measummenis, 
apf^ylng el6ctr(»t»gnet(C ^gnais to fhe body, etc. 

4S DgTAtLePDeSCRiPTtON 

FIG. 1 is a side, fraffn«itaj, partially cro^-sec- 
Sooal view of a tubular guide wire 320 made in accord- 
ance with the present invention. A pin vise type torqoing 
50 chock 324 is ^wwn attached to a prowm^ end 328 in 
tfie usual mann^^. The chuck 324 also inciudes an 
opening, bore, or luer adapter 332 to allow for imroduo- 
tic n of medtcalions into the interior of 8ie tutelar guide 
wire 320. 

55 !nsertab!e in the hoilow of the tubufar guide vwre 
320 is a wire mandrel 333 which may be made mdio- 
paque to X-ray fluoroscopy or, » magnetic resonance 
imaging (MRi) were used. S)s wire marrfrel 333 could 
be made of a materiaf active for MRi detecSon suc^ as 
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gadolWum or gadoJinfum a»DpotJnd, gadolinium 
aw^ulated fn a sheaSi. dysprasium, or dy^rosium 
sncapsulated in a shesAb. Atternafively, a radicpaque 
solution ooutd be intrtxjocecJ into tfie irterior of the Mm- 
lar guide wire 320 or a soiution viBibfe in MRI csxM b& 
used, if MRI nathef than X-my f luorosoojay were utilized. 
The purpose of s\^h a wire mandrei or solutiorfs, of 
course, would bs to aitow tracking locafion andAjr move- 
ment of tha guide wire 320 as it is threaded tnto vascii- 
\mum Of body cavities. 

The wire rmfidfef 333 coutd: aisobe used to changs 
the curvatur e of the tubular guide wr e 3 SO as d gs irsd by 
the user. For e)fample. the tubular guide wire 320 couid 
be tor med wtth a porlion of <f curved or angled (such as 
tts oirved distal end 340 to be discussed momentarily} 
and a straight vwre mandrel 333 coidd Iherj be inserted 
into the guide wire to straighten it out amJ tim removed 
when desired to allow the guide wire to resume the 
curved shape. AKernativeiy, the tabular guide wire 320 
could be formed to be straight and )he wire mandrel 333 
formed wSt selected curves so that whert the mandrel 
were inserted into 8ie tubular guide wire^ the mandrel 
would cause the guide wire to assume those same 
curves ar^S whan the ms«drei were rerrwed, the guide 
wire would again straighten, in this manner, d^ervding 
upon the inftia! shape of the wire mandr^ 333 and/or 8ie 
tobuiar guide wire 320, the shs^te of 8ie guiiie wire can 
be control ied to a certain extern while disposed in vas- 
ctjSsture nr hixiy cavities. 

^vantageai^y, tfis tutxiiat guide wire 320 is con- 
structed of nickel Itanium aiby and may tange in size 
from about ,008 inches to .090 inches in outsfefe diame- 
ter, and *out .005 inches to .084 inches in inside diam- 
eter and aiscsit 175 to 300 om in iang*. lbs tubular 
guide wire 320 could also be made of stainless steel, 
polymers or other flexible matmais ha^g suitable 
strength. 

Cuts, slots, saps or openings 334, 336 and 338 are 
formed in the ttijular gukle wire 320 along the fength 
thereof, ©ther by saw cutting (ag, diamond grit embed- 
ded semtconduclor dicing blade); ^ectron d!S<Siarge 
machining, laser cutiing or etching {for exanvie using 
the etching process deserved in U.S. Patent No. 
5,106,458) anisotr<^)caliy to provide for iater-ai ftexilSiity 
in the guide wire. Cuts 3S4 are getwra% perpertdiculai 
or crosswise to the long dimension of ihs guide wire and 
are shown as being cut on alternate sides oi 8ie guide 
wire, (Viatioos eti patterns wil be discussed in more 
de^i later.} Cuts 336 are angled to allow fsx a longer 
cut and arts 3S8, on the distal wid 340 of tte guide 
wire, are also formed peip«(idicu!ar to the guide wire 
Contrt^ling and varying both the ^cing arKi depth of 
^9 cuts ailows t» selection of the flexure protiie of the 
tuixiiar guide wire, the n^ore doseiy spaced {h8 cuts 
and the Qfeatet depth thereof giving rise to a more flex- 
ible guide wire, and vice-versa. 

The distal erid 340 of the guMe wire may be pre- 
sfiaped with a curve, as shown, to aiiow for directing the 
guide wire around curves and bmti&. The cuts 338 



aiiow for maintaining the flexibiiity in the distaf end 340. 
Advantagecusiy, the tip is rourded to minimise the 
chance of trautnatic piercing of ba^' tissue. Also formed 
on the distal end 340 may bs a radiopaque ot MRf 
s mariwr Of band 344, The band 344 may be gold or fdat- 
inum alloy {for X-ray fluofosc*^) or gadofiniuw or dys- 
prosium, or coffl^ncte thereof {for MRi), and may be 
fbrmed on the distai end 340 by deposition, wrapping or 
use of the shs^e memcwy alloy (NiTi) effect to lock" fte 
ic barid around the end. Aiternatively, a radiopaque piug 
rnay be disposed in the tumert at tne distal end 340 {or 
an Mi^i marker). 

F!G, 2A is a side, fragmented view of a ti±iular 
guide wire 350 formed wUh perpendicular cuts 3S4, 
IS 358. 362. 366, along the lenj^ hereof. The cut 
3S4 is formed on the top of the guide wire 350, flie cut 
358 is li»rned on gie bottom, the && 362 Is formed on 
the near side of ^e guide we, and the cut 386 is 
formed on ^ far side, in effect, eac^ is rotated by 
20 1 80 degrees or 30 degrees, and offset from »te preced- 
ing cut. Of course, the a*s could be formed to prowele 
preferential berHjIng (tieK) in one plane, or could be ran- 
domly fOsTned to allow bending (flex) equally, non-pref- 
erenSafly in al! planes. This could be achieved, for 
25 example, by circumferentially spacing the cuts. 

FIG. 2B is a side, fragmented view of a tubular 
guide wire 3S5 formed with pairs of cots S67 termed on 
Ofposite sides of the guide wire and staggered or offse!. 
The 1[ex!bi!if>' (bending stiffnes;?), strength and tor- 
Si; siongd stiffness of the guide wire are determined prima- 
rily by the dimensions and flexure pretties of beams 
formed by the cuts, i .e. , the area between qaposing 
(for qsposng cuts} or the area between adjacent cuts 
{for offset cuts). Th^e properties, in turn, are deter- 
as mined by the depth, widths and separation ot cuts. Very 
fiexiWe sections with opposed cuts (sudi as shown in 
FIG. 3) generally require that the cuts be deep and/or 
wide, to yield fiexibie beams 384. However, It is some- 
times difticuit lo precisely control the depth of cuts with- 
45 out overly weakening the guide wire: and especlaily 
wide cuts are impractical because they may cause «»e 
guide wire to catch or snag on body tissue. Very flesdISe 
sections with oftset cuts (such as mym in FIGS. 2A 
and 2B) may be achieved by reducing the spacing 
4$ batween the cute to yield ftexibis beams 364 (FIG, 2B), 
and this is more accufiately confroHed than j-re cut 
d^ths, as already discussed. Thus, Sie use of offeet 
cuts attowB for acouratdy controiSng Itie flexibility of 
guide wires without the attendant risk of overly wea{«SR- 
sc ingthem. 

Di^josed in the tubuiar guide wire 350 is a solid 
wire mandrel 361 having a bend 368, which will cause 
the tubuiaj- guide wire 350 to conform to the same bend, 
as previously discussed. The solid wire mandrel 3S1 
prDvldss stilfenjflg for the fefbuiar guide wire 350 for that 
portion in which the mandrel is inserted. A stop 363 is 
located at the pro»ma! end of the mandrel 36t to pre- 
vent movement of fiie mandrel, and in partictdar the dis- 
tal end of Ste mandrel, beyond a certain point in the 
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guide we 3S0, tor ejomple, to aroSd purtcfurtng fesus 
beyond the disiai end of the ^uide wre ihe distal end 
{jf the man*el. Further, the mandr^ 361 couid have a 
Japered, and thus more tfexiWe, dista! end, along with 
(or without) a blunt or dolled i\p. s 

F!Q. 3 ts also a side, traamented wew oi a tutsjtar 
guide viitte 370 &'sc wKi cuts 374 378, etc formed 
therein Cut 374 \& ecluaiiy two cuts termed on ihe lop 
arid ihe oottism o1 the guide wre 370 wheteas cut 378 
conprfses two cuts fExmed on the near side and the far 
Side, etc A distel end 382 of tfie 9Ufde wre 370 .s 
curved, and iPCiudes a radiopaque of MR! band 386 
(The distai ends of the guide wires can dso be shapea 
bis by ViTB clinician by heating andhf bending. 

FiGS, 4A and 46 show a skje, fragmented of iS 
a tifcotar catheter 400 having opposed cuts 404 formed 
at an angie wtth the iong direcftai of the guide wire, and 
titelar guide wire 40S having ofteet cuts 412 formed at 
an angle with the tc»ig direction of the guide wire. 
respecSvely. so 

BG, S is a side, fragmented view of a btjufar guide 
wire 420, showing three aiternatnre type cuts 424, 426 
a«d 482 TTiese type cuts prowde a («nd of built-in flex- 
ure stop to prevent further flexure of ftre Quide wire 420 
when the cut evenings dose to contact one anofiier and 
pf ev«fit further f iexure in that direction. The cuts 424 are 
formed on opposite sides of the guide wire 420 atvi are 
wedge- or triangle-shaped, with the greater wkfth of the 
viBciQB being at the botfom of ihe cut. The cuts 42S are 
likewise formed on opposite ades of fhe guide wire 420 ss 
in ttie form of T's, with the croBSjsece of the T being at 
the bottom of *e cot The ofe 432 are genwally circo- 
iar as shewn. Other cut shapes could also be provided 
to meet the riseds of the user. 

FiQ. s (s a side, fragmented view of a tulxilar guide ss 
wire 500 having cuts or etchings 504 which may axtend 
aif the way through tfie guide wire to s^rate it into 
pieces, with the cuts or etchings being formed with ieeth 
which interlock when 8ie guide wire is reassembieci. 
When the guide wire is inserted into a vasculature pas- *o 
sageway, the teeth in 8te cuts S04 interlock to fwavent 
refativs rotatiort »teraof but also attow signiftcaot laleral 
fiexltJiiity. 

The tubular guide wire disclosed can be used vwth a 
catheter tiireaded thereover in a oonvenfionaf manner, 4S 
or can be used to detlver medication to a target location 
in a manner simitar to the catheters ttTems^ves. With 
cuts ftM-med along the tengf h or at ieast a porlSon of the 
length of ths tttoutar guide wires, the medicatSoo is 
attowed to teak from gte tsore of the guide wtr« out into so 
the vasoilature passageway. Of course, location of 
discharge of medicatjon from tfie tubular guide wire can 
be controlled by controiiing depth of tie cute as weil as 
the iocalion thereof, in addition, a poiytt>er sleeve may 
be inserted in the lumen or bore of a tubular guide wire, 55 
and/or on the outside as well, for seaiing and preverJting 
the outflow or discharge of medication from the guide 
wire lumen. Controtfog the length of such sleeves on 
the guide wire enables controi of discharge pcunts of 



msdication from the guide wire. 

in addition, a sfiffening mandr^ or wire m\ be 
inserted thixjugh the !x>r« or fumen of a tubular gusie 
wire as already discussed, and such irtandr^ or wire 
can be curved at selected locations such as location 
3S8 m the mandrel 3S0 of FIG. 2, to cause a corre- 
^ondtng bend to the lubuiar gutde wire Aitematts'ely, 
the tubular guide wiie can be fotmed wtth one ot more 
bends ar>d then a suiistantiaiiy stiaigt-t r^andtei may be 
rsated ir^lo 'tis- hoiiov^ of the guide wire to ca^ise tt Jo 
r-'i c;"1f-'i IS " secJed Atro the mandri'i can he madp of 
a '-sTP'^' a so that it is visible eitner with X ifty fiuopos- 
copy or MRi depeixiing upon the process used to view 
tile clinica! procedure. 

FiG. 7 is a side, cross-sedtonai, ^agmented view c^ 
a tubt^ar calheter guide wire 604 made fr«n a metallic 
or othw etectricafly conducive aJioy, in the Sumen SOS of 
whfdt is drowsed an eiectricaliy conductive wire 612 
about which is (£^joeed an etectricaiiy Insula^ve sheath 
616. Aiternsdtvely, the interior wall of the lumen 60$ 
could incfude a iayer of insul^on and <^iate Vne need 
for the insufative sheath 616. iliustfEdivBiy, the diameter 
of the lumen 608 could be .009 inches, and ttre diameter 
of the wire 612 and sheath 816 coufd be .006 inches. 

The structure of FiG. 7 iiiuslrates a use of the tubu- 
lar catheter/guide wire of the present invention for mak- 
ing internat electrica! measurenients such as the 
detection of vottage patterns at a target iocation in the 
body. Wso, the rxjmbinaiion of FiG. 7 couid be usat for 
abiation in which a rarfio frequency or other signal is 
transmitted over the condudor tube 604 and conductor 
wire 612 to the distat end to tissue in front of the distal 
end. fn acSdition, a heaiing cd! couid join the tatnAsir 
conductor 604 and the conductor virire 612 at the distal 
end toptwide a hewing element for peiforming thermal 
fr^feinent at a tasget iocation in ths body Of course, 
other electrical measurements or treatments could be 
utilized with the structure of FIG. 7. Of course, the typi- 
cal guide wires discussed eariier, being solid, could not 
provide this function, nor couid typical cathet^-s since 
tfiey are made of fw»t-metalttc ttvateriai. 

in the en*oeSments of me guide wire discussed 
above, the guide wires can be made "flow directafde" by 
providing highiy ffexiWe distef ends, "Flow dirsctsbifify" 
means that ihe distal enci of the guide wire tends to 
tiow" with tha Wood around curves and bends in a vas- 
cuiature passageway. To retiree resi^nce to move- 
ment of a guide wire in a vasculature passageway, tne 
surface of the guide wire may be elsctrcptdi^ed to 
increase the smoothness thereof, and ^ttionally, a 
fubricious coating may be applied to the surface of the 
guide wire-such coatings might illustrativeSy include sil- 
icone based oti and/or polymer or hydrophiiic poiymers. 
Alta nattveiy a lubricous sleeve made, fore exampfe, of 
a hydrophiiic polymer couid also be piwided for dis- 
posal of the guide wire, 

ft is to be understood «iat the above-described 
an-artgemems are only iilustt^ive of Ihe af^ication of 
the priricipfes of the present invention. NumercuB modi- 
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23> A catheter guide wee as in Ciaim 22 v>^efein said 
^ongate wrfre includes a stop means formed iherain 
fbt preventing insertion of fha wim in She iumen 
beyond a oertam pdnt. 

24. A catheter guide wire as m Claim 2S «^retn said 
elongate wee tnciudes one Of more bends so that 
when it is di^sed in the lumert of thetubuiar taotiy, 
the tuboiar body bends to corrform to the bend in 

the ^angats vtira. io 

25. A. catheter guide wre as in Ciaim 22 whsrein the 
eiongate tubular body is preshaped with one or 
mate bends, snd wherein the elongate wire is pre- 
shaped to be eiiistenttatty straight such that when iS 
the elongate wire is d^xised in tie Jumen of ihs 
tubufer body at the location of a bend, the elongate 
wire causes the tubuiar body to substan^edly 
straighten. 

so 

26. A catheter guide wire as in Claim S2 wherein ^e 
^ongale wire is made of a radiopaque imteriai, 

27. A catheter guide wire as in Claim 82 wherein 8ie 
^onjpte wire Is made d a material detectsi^e by as 
MR). 



33. A catheter gufcSe wire as In Ctalm 1 vs^i^ein at least 
some ot said cute are each formed with a generally 
drcufar cross-section . 

34. A co!i*»na1(on catheter/catheter guide wire com- 
prising an eiongate tutxiiat body having tubular 
sidewails definmg a centrai iomen, said sidewaifs 
having stots formed S^erein substantiaiiy along the 
length thereof to incresse the latara! fSex Ibitity of the 
body, at teasi some of said sfots extending ihroigh 
the sidewaits to the iumen to alte discharge there- 
through d ffuids ffowing in Ste iumen, 

35. A catheter conductor pair comprteing 

an eSectricalfy conductive catheta^ lor irttroduc- 

tSon into a vessel pathway of a body, the exte- 
rior siifface of which inducfes a piutality of cuts 
spaced apart aiong at feast a portion of the 
tength of the cafi^etsrto increase latei-ai flexibil- 
ity of i^e cati^er, and 

an eiecUicatty conductive wire disposed in ttie 
iumen of me catheter and generaliy co-exten- 
sive therewith and ir^suialed therefrom, for car- 
rying electrfca! signafe. in conjunction wi^ the 
catheter, along co^@ctensive length t!)ereof. 



28. A catheter guide wire as in Oaim 1 further inciuding 
a tt^iar sleeve for slidabie disposifion over she 
^ongate ttAiitar body to seiedtvely stiffen that par- ao 
Hon of the length of the tubular body over wfiich the 
tubular sleeve is tSsposed. 

29. A catheter guide wire as in Ciaim 28 wher«n the 
tiixiia slews is made of a matecfal selected from ss 
the group consisfing of eJa^omers, poJyureS^ana. 

polyethylene, and fetion. 

30. A catheter guide wire as in Claim 28 wherein at 
least some of the cuts extend through the walls of 40 
the elongate tubular body, and wherein the tubufar 
sleeve is dimensiorted to fit snugly over me tutsjiar 
body to aifow selective release of f&jld from the 
lumen of the litejiar body thttjujih 8te cuts which 
extwKl throu^ the idodlar wall tttmn the sleeve is 4S 
not disposed thereover, or to fcSock rdease of such 
fluid through such cuts when the tubular sleeve is 
cfii^osed ovser the cuts. 

31 . A catheter guWe wire as in Ciaim 1 wherein st least so 
some of said cuts are each formed a wedge- 
shaped cross-secSon, with the widest part of the 
wedge forming the bottom of said each cut. 

32. A catheter guide wire as in Ciaim 1 wherein at least ss 
some of said cuts are aacf) formed with a T-shaped 
Gioss-section, with the cross-bar portion of 8ie T 
forming the bottom of said each cot. 



36. A catheter coixiuctor pair as in Ciaim 35 further 
comprising an electricaiiy insulafe'e slBwe dis- 
posed about the electrically conductive wire to pre- 
vent electrica! storting be^een the wire and 
catheter. 
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Fig. 7 
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